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resistance is by far the main drawback of chemical treatment (Panchadcharam, 2004 ; 66 Waller, 1997) . This issue has encouraged the search for novel methods including the 67 biological control by the use of nematophagous fungi against the free living stages of 68 the parasite on pasture (Waller, 1997; Waller et al., 2001a) . Biological control offers an 69 effective, renewable and environmentally sound alternative in the reduction of infective 70 larva populations of nematodes in pastures (Larsen, 1999) blocks (Sagüés et al., 2011) . The success of all the above mentioned alternatives was 78 found to be dependent on the voluntary and variable intake of the animals which lead to 79 unpredictable results (Waller, 1997; Waller et al., 2001b) . In such situation the 80 development of controllable release devices (CRD) is a more feasible approach. 81
At the present, rather less effort has been spent on the development of CRD for 82 between adjacent protein chains (Hernandez-Izquierdo and Krochta, 2008; Sothornvit 126 and Krochta, 2001 ). Among various plasticizers, glycerol has shown greater miscibility 127 with protein and plasticizing effect (Sothornvit and Krochta, 2001) . However, the level 128 of plasticizer has to be optimized since it greatly impact barrier and tensile properties 129 (Park et al., 2002; Sothornvit and Krochta, 2001) . One way to enhance moisture 130 repellency of protein films is by introducing covalent bonds through physical, 131 enzymatic and chemical routes (Park et al., 2002) . Soybean proteins have many side-132 chain groups (i.e. NH2, COOH, OH) able to react with a variety of chemical reagents. 133
Aldehydes such as glutaraldehyde (Caillard et al., 2008) , glyoxal (Vaz et al., 2004) , and 134 formaldehyde (Chen et al., 2008) film for CRD should be homogeneous, mechanically strong such it do not fracture 150 during processing or storing but sufficiently ductile to be shaped into the desired dosage 151 form, c.a. a cylinder able to potentially be administrated to the animal via an 152 esophagogastric probe to the rumen where spores would be released. Therefore, SPC 153 films were evaluated in terms of opacity, morphology, cross-linking density, total 154 soluble matter and tensile properties. The most suitable SPC-Gly-DAS formulation for 155 delivering chlamydospores was obtained by correlating tensile properties and film 156 stability with swelling behavior in distilled water and ruminal fluid. Viability of spores 157 in the presence of DAS was also qualitatively evaluated. Preliminary study on the in 158 vitro release of chlamydospores is also reported.
Materials and methods 160

Materials 161
Soybean protein concentrate (SPC, Solcom S 110), isoelectric point (pI) near 162 4.5, with an average particle size passing through 100 mesh and 7% moisture, 69% 163 protein, 1.05% fat, 3.5% fibers, 6% ashes and about 15% non starch polysaccharides 164 (NSP, mainly cellulose, non cellulose polymers and pectin polysaccharides) as mean 165 composition (Cordis, 2010) were harvested from 2 weeks cultures grown on pure agar cultures at 24ºC. Following 176 this, chlamydospores were gently rinsed off with sterile water and counted using a 177
Neubauer haematocytometer to estimate the number of chlamydospores per ml of water. 178
The number of spores was 70,875,000 in 20 ml of distilled water. Viability of spores in 179 the presence of DAS was verified prior to their use in the different formulations. For 180 this purpose a qualitative technique was used, which is based on the spore's ability to 181 germinate and form trapping structures in the presence of Panagrellus spp, using water-182 agar medium with varying amounts of DAS (0, 0.24, 1 and 5 wt.%). Petri plates were 183 incubated at 25°C for one week. Samples were periodically observed by optical 184 microscopy to evidence the presence of tridimensional structures. 
Structural and functional characterization of blank SPC-Gly-DAS films 369
Free-chlamydospores SPC films with different Gly and DAS contents were 370 studied to evaluate their water resistance, swelling capability in distilled water and 371 mechanical properties in order to select the most suitable formulation for delivering D. All the produced films are transparent as find out by naked eye observation 376 (Fig. 2 a-c) and light -barrier properties (Table 1) . With an increase in glycerol 377 concentration from 0 to 30wt.% there was a progressive increase in film transparency (P 378 < 0.05) owing to the fact that plasticizer interferes in protein chain-to-chain interaction 379 lowering the film absorbance in the visible light region of the spectrum (i.e., 400-800 380 nm) (Nuthong et al., 2009 ). The addition of DAS increased significantly opacity values 381 (P < 0.05) (Table 1) , nevertheless for DAS contents lower than 10 wt%, films can be 382 considered transparent. Since no significant differences (P > 0.05) in film thickness 383 were detected (Table 1) , it was assumed that this reduction in film transparency could 384 be consequence of some degree of phase separation due to the limited thermodynamic 385 compatibility between protein and polysaccharide (Khomutov et al., 1995) or by an 386 ineffective mixing during the dissolution stage of film formation. Optical microscopy 387 performed on iodine stained films confirmed the existence of two-phase morphologies 388 (Fig. 2 d-f) where protein -rich domains constitute the continuous phase and the 389 dispersed particles are mainly composed by DAS, since amylose -type chains 390 constituting the vast majority of DAS, gave rise to the characteristic starch iodine 391 complex. A qualitative analysis of TOM micrographs revealed that components 392 compatibility reduced with DAS content according to greater concentration of dispersed 393 phase (Fig. 2 f) . Similar behavior was already observed in DAS-cross-linked -394 plasticized -gelatin films obtained by compression molding (Martucci and Ruseckaite, 395
2009). 396
As a general rule, homogeneous morphologies are desired in monolithic devices 397 intended for drug delivery. In swellable monolithic systems, heterogeneous 398 morphologies may induce "burst release". Fast release in a burst is used in certain drug 399 administration strategies, however the negative effects of such burst can be 400 pharmacologically dangerous and economically inefficient (Huang and Brazel, 2001) . 401
On the other hand, the addition of increasing amounts of glycerol did not 402 influence significantly (P > 0.05) color parameters (Table 1) In order to confirm the above assumption, the cross-linking extent of SPC films 417 was estimated by using eq. (1) and results are reported in Table 2 . The addition of 418 10%DAS reduced the number of free-amino groups in about 50% irrespective of the 419 glycerol content. Contrary, for 5%DAS, the percentage of cross-linking was reduced 420 with glycerol content. At glycerol level of 50% and low DAS content such as 5%, there 421 appears to be a dilution effect which prevent the aldehyde groups in the polymeric DAS 422 from reaching every available reactive side-chain amino group on the protein fraction of 423 SPC. to evaluate the effect of drying the samples at 105ºC before testing. Table 2 The tensile testing of SPC-Gly-DAS films provides an idea on the strength and 484 elasticity of the films given by the parameters like tensile strength (TS), elastic modulus 485 (EM), and elongation at break (ε b ). A good film for delivering chlamydospores in rumen 486
should be strong and ductile enough to be shaped in the desired dosage form. 487 Figure 3 shows representative stress-strain curves obtained from tensile tests, for 488 all the films under study. It can be observed that the deformation at room temperature, 489 under an applied load, was typical of ductile plastics in terms of the stress and strain. 490
These curves exhibited the typical deformation behavior; at low strains (lower than 491 10%) the stress increased rapidly with an increase in the strain and the slopes were in 492 the elastic region defining the elastic modulus. Table 2 Increasing DAS up to 10%, gave rise to increased TS values accompanied by 515 small changes in % b for SPC films containing 30% and 40% glycerol. Rising glycerol 516 content up to 50% led to a detrimental effect on tensile properties, as concluded from 517 the decreased TS and % b values observed (Table 2) , presumably due to uneven cross-518 linking within the sample owing to phase separation at such high DAS content. 519
According to TOM observations, phase separation seems far less likely to have occurred 520 at 5%DAS (Fig. 2 e) but the average size of dispersed particles was small enough to 521 obtain transparent and mechanically resistant films. With further increasing DAS 522 content large particles or aggregates were observed (Fig. 2, f) . The larger diameter and 523 inhomogeneous distribution of the dispersed phase could be the main thing responsible 524 for the decreased tensile properties at high DAS content. This result agreed well with 525 that reported for gelatin films cross-linked with DAS (Martucci and Ruseckaite, 2009) . 526
Authors evidenced a reduction in tensile properties for 30%DAS ascribed to the 527 presence of a dispersed phase mainly constituted by DAS. 528
The suitable use of SPC films as drug release devices strongly depends on their 529 favorable mechanical properties and integrity in wet environments. Clearly, based on 530 target properties, SPC-30Gly-5DAS films appeared as the best candidates. This 531 formulation gives rise to transparent and low -colored films, ensuring film 532 homogeneity which is critical for moisture uptake and release; TSM value as low as 533 29%, indicating that at least 70% of the components participate of the network and are 534 not soluble. Concerning tensile properties, SPC-30Gly-5DAS films were found to meet 535 an adequate compromise between TS and %e, to ensure stiffness and ductility with 536 moderate elongation. For all these reasons this formulation was chosen to evaluate the 537 release of D. flagrans chlamydospores in vitro so as to determine its suitability as 538 potential delivery device. It is speculated that SPC-30Gly-5DAS formulation could 539 result in films with controlled swelling, weight loss and release profiles during in vitro 540 studies. 541 pressures of several tones when incorporated into matrices and pressed into tablets for 549 the manufacture of prototype intra-ruminal controlled release devices. The presence of 550 spores within the SPC produced films was evidenced by SEM observations (Figure 4) . 551 D. flagrans spores can be easily recognized as irregular beads homogeneously 552 distributed within the protein matrix, without any apparent loss in viability as concluded 553 from qualitative viability experiments (Fig. 1) . 554
The bulk properties of films such as water absorption are strongly influenced by 555 the internal characteristics of the material such as the extent of cross-linking, thickness, 556 the hydrophilic/hydrophobic balance, conformation of chains, etc. Because these 557 parameters are influenced by many factors involved in the manufacture process, andalso the environmental conditions to which the films are inevitably exposed, it is 559 important to consider them when evaluating the absorption behavior of the films. 560
Ruminal fluid uptake behavior of DF-SPC-30Gly-5DAS films over time was 561 investigated in ruminal fluid (pH 6.0-6.5) under gentle shaking and the weight gain 562 against immersion time are presented in Figure 5 . During the first 2h, films displayed a 563 sharp absorption and then samples gain weight slowly up to 10h when sorption rate 564 started to decrease owing to some extent of matrix hydrolysis and / or biodegradation in 565 ruminal fluid. Weight loss profiles determined during fluid uptake (Figure 6 ) revealed 566 that DF-loaded films followed essentially the same degradation pattern as free ones and 567 no significant differences in weight loss were observed regardless of the immersion 568 medium. The great dispersion of experimental data could be consequence of the 569 difficult in recovering all the fragments of the disintegrated materials, especially at late 570 stages of the process. Results suggest that microbial population in ruminal fluid has 571 slight effect on weight loss pattern of SPC-30Gly-5 DAS films with and without spores, 572 at least during the time of the experiment (i.e. 12 h). 573
Experimental absorption data were fitted to eq. (4) and the values of the 574 maximum fluid uptake at the equilibrium (FU eq ) and the apparent diffusion coefficient 575
2 ) for each fluid are summarized in Table 3 . Good agreement was achieved 576 indicating the validity of this model for this system (see R 2 in Table 3 ). This effect was less 580 pronounced in distilled water (Table 3) 
